Awareness of Changes in E-cigarette Regulations and Behavior Before and After Implementation:A Longitudinal Survey of Smokers, Ex-smokers, and Vapers in the United Kingdom by Lee, Hyun S. et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
King’s Research Portal 
 
DOI:
10.1093/ntr/ntz008
Document Version
Publisher's PDF, also known as Version of record
Link to publication record in King's Research Portal
Citation for published version (APA):
Lee, H. S., Wilson, S. R., Partos, T. R., McNeill, A. D., & Brose, L. S. (2019). Awareness of changes in e-
cigarette regulations and behaviour before and after implementation: A longitudinal survey of smokers, ex-
smokers and vapers in the United Kingdom. NICOTINE AND TOBACCO RESEARCH.
https://doi.org/10.1093/ntr/ntz008
Citing this paper
Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volume/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.
General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.
•Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
•You may not further distribute the material or use it for any profit-making activity or commercial gain
•You may freely distribute the URL identifying the publication in the Research Portal
Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.
Download date: 12. Sep. 2019
Nicotine & Tobacco Research, 2019, 1–8
doi:10.1093/ntr/ntz008
Original investigation
Advance Access publication January 25, 2019
1
Received: July 10, 2018; Editorial Decision: January 11, 2019; Accepted January 17, 2019
© The Author(s) 2019. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco.
Original investigation
Awareness of Changes in E-cigarette 
Regulations and Behavior Before and After 
Implementation: A Longitudinal Survey of 
Smokers, Ex-smokers, and Vapers in the United 
Kingdom
Hyun S. Lee1, , Samara Wilson DClinPsy2, Timea Partos PhD2, , Ann 
McNeill PhD2, Leonie S. Brose PhD2,
1GKT School of Medical Education, King’s College London, London, UK; 2Addictions, Institute of Psychiatry, Psychology 
and Neuroscience, King’s College London, London, UK
Corresponding author: Leonie S. Brose, PhD, Addictions, Institute of Psychiatry, Psychology and Neuroscience, King’s 
College London, London SE5 8BB, UK. E-mail: leonie.brose@kcl.ac.uk
Abstract
Introduction: In line with the European Union’s Tobacco Products Directive (TPD), new regulations 
for electronic cigarettes implemented in the United Kingdom between May 2016 and May 2017 
included limiting refills to 10 mL, tank and cartridge sizes to 2 mL, and nicotine concentrations to 
20 mg/mL.
Aims: To investigate the (1) awareness of new regulations, (2) product use before and after imple-
mentation, and (3) association between use of compliant products and subsequent smoking.
Methods: A UK online longitudinal survey of smokers, ex-smokers, and vapers was conducted 
between May and June 2016 (wave 4) and September 2017 (wave 5).The following methods were 
used: (1) to assess awareness of changes, proportions were calculated by smoking and vaping sta-
tus (n = 1606). (2) Comparison of refill volume, tank and cartridge volumes, nicotine concentration 
at waves 4 and 5 (n = 199–388) was conducted. (3) Association was studied between number of 
TPD-compliant products used at wave 4 and smoking at wave 5, adjusted for wave 4 vaping status, 
age, gender, income, urges to smoke, and device type (n = 480).
Results: Awareness of regulations was highest for refill volume (10.1%; 37.4% among exclu-
sive vapers) and nicotine concentration (9.5%; 27.3%). Higher proportions used TPD-compliant 
refill volumes (60.0%–73.7%, χ2(1)  =  10.9, p  =  .001) and nicotine concentrations (89.2%–93.9%, 
χ2(1)  =  7.41, p  =  .007) in wave 5 than wave 4, with little change for tank or cartridge volumes 
(77.1–75.5%, χ2(1) = 0.38, p =  .540). The likelihood of smoking was similar for those using no or 
one TPD-compliant products as it was for those using two (OR = 1.10, 95% CI = 0.47–2.59) or three 
(OR = 1.56, 95% CI = 0.69–3.55).
Conclusion: Several months after full implementation, awareness of new regulations was low and 
most vapers used TPD-compliant products. Use of compliant products was not associated with 
subsequent smoking.
Implications: Using a longitudinal survey at the beginning and a few months after the end of the 
transition period for implementation of new regulation on electronic cigarettes, this is the first 
study to assess awareness of regulation and use of compliant products. After full implementation, 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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awareness of changes was low overall (smokers, ex-smokers, and vapers combined) although 
higher among those who vaped. Nevertheless, most vapers (74%–94%) used products that were 
compliant with the new regulations and the use of products compliant with incoming regulations 
did not predict whether they were smoking cigarettes after implementation.
Introduction
An electronic cigarette (e-cigarette) or vaping device consists of a 
power source, heater, and a liquid which is aerosolized to deliver var-
ying concentrations of nicotine to the user (vaper). Since their com-
mercial introduction in the mid-2000s, they have become increasingly 
popular, especially as a smoking cessation tool.1,2 Recent reports 
from both the US National Academies of Science, Engineering, and 
Medicine, and Public Health England state that e-cigarettes are less 
harmful than smoking.3,4 However, there is much debate surrounding 
e-cigarette regulation and current regulatory approaches vary sub-
stantially around the world.5 As of October 2017, a total of 83 coun-
tries had enacted laws regarding e-cigarettes: 27 countries banned 
sales of all types of e-cigarettes and nine countries banned the sale of 
nicotine-containing e-cigarettes.6 It is not yet clear which regulatory 
approach is of the greatest benefit to public health.
In 2014, the European Parliament formally approved a revision of 
the 2001 Tobacco Products Directive (TPD) after an extensive consulta-
tion period, including lobbying campaigns by the tobacco industry.7,8 It 
became fully applicable in European Union Member States on May 20, 
2016, although Member States may have differed in how they trans-
lated the TPD to national legislation, and for some clauses Member 
States had until May 2017 for full implementation. The revised 
European Union TPD introduced regulations specific to e-cigarettes. 
Cartridges and refillable tanks were now limited to a maximum volume 
of 2 mL. The refill liquids (e-liquids) were limited to a maximum volume 
of 10 mL per container sold, with maximum nicotine concentrations of 
20 mg/mL. In addition, stricter requirements on ingredients for liquids, 
increased regulation of promotional materials, and requirements for 
packaging and warning labels were also introduced.9
In the United Kingdom, the Directive was translated into law 
via the “Tobacco and Related Products Regulations 2016.”10 
Manufacturers and importers of e-cigarettes or refill containers 
were required, by November 20, 2016, to notify the Medicines and 
Healthcare products Regulatory Agency (MHRA), for all products 
already or to be marketed before May 19, 2016. A 1-year transi-
tional period for noncompliant products on the market ended on 
May 20, 2017, from which all products were required to be fully 
compliant with the TPD. For products containing more than the 
TPD-stipulated volumes and concentrations, manufacturers may 
apply for a medicinal license; no licensed products were commer-
cially available as of July 2018. Using the terminology of the behav-
ior change wheel,11 legislation is one way of changing behavior. In 
this case, a restriction of the availability of products leads to reduced 
opportunity to purchase specific devices or concentrations of nico-
tine, leading to a change in vapers’ behavior. According to surveys 
conducted in March 2016, of the 95% of vapers who were using 
nicotine, 9% reported using nicotine concentrations greater than 
those permitted under the TPD (20 mg/mL) and an additional 12% 
were not sure.12 As such, there had been concerns that limitation on 
the strength of e-liquids and size of refills may make it more likely 
for vapers to return to tobacco products.13
To date, there have been no published studies investigating if those 
potentially affected by the changes in the regulations were aware of 
the changes or whether they have changed their behavior following 
implementation of the European Union TPD. Therefore, the first aim of 
this study was to investigate awareness of the new regulations among 
smokers, ex-smokers, and vapers. The second aim was to investigate 
all current and former vapers’ product use before and after full imple-
mentation of the TPD. The third aim was to investigate among vapers 
whether using non TPD-compliant products before implementation 
was associated with tobacco smoking after implementation.
Methods
Study Design and Sample
This study was a subgroup analysis of data from a longitudinal 
online survey of smokers, ex-smokers, and vapers from the United 
Kingdom. Members of an online panel managed by Ipsos MORI 
were invited to complete surveys. For each completed survey, par-
ticipants receive points that may be exchanged for shopping vouch-
ers or used to enter prize draws. Through initial screening in 2012 
(n  =  23 785), 6165 were found to be past-year smokers, making 
them eligible for the study. Quotas on age, gender, and UK region 
were imposed at the recruitment stage, which amounted to 5000 par-
ticipants completing the survey in the first wave (December 2012). 
Wave 2 (2013) and wave 3 (2014) followed up with 2182 and 1519 
participants, respectively. Wave 4 was conducted in May and June 
2016 just as the TPD was introduced in the United Kingdom. In 
addition to those followed up from previous waves (n = 931), 2403 
participants were newly recruited, with quotas to ensure the overall 
sample retained broad representativeness of the United Kingdom by 
sex, age, and region. Current vapers who had never smoked were 
also eligible for this wave. Another follow-up wave (wave 5) con-
ducted in September 2017, (4 months after the final implementation 
deadline of May 2017) was completed by 1720 participants.
Participants with contradictory responses regarding their e-ciga-
rette use history (eg, those who stated having never vaped in wave 
5, but reported using e-cigarettes in wave 4)  were excluded from 
further analysis, resulting in 1606 participants in the final analysis 
(representing 48.1% of wave 4 and 93.3% of wave 5). Of these, 
682 (42.5% of n = 1606) participants reported never having used 
e-cigarettes so were not asked any questions about their use or pur-
chasing patterns.
Measures
Demographics assessed in wave 4 included age (continuous), gender 
(male, female), income (collapsed into ≤£15 000; £15 001–£30 000; 
>£30 000; don’t know or prefer not to say). Box 1 presents measures 
related to smoking and vaping. Current smoking and current vap-
ing status were combined to classify respondents into the follow-
ing categories: Exclusive vapers, Dual users (smoking and vaping), 
Exclusive smokers, and Neither. All respondents were asked about 
their awareness of each item listed in the question about changes 
in e-cigarette regulations. The remainder of the survey used routing 
to ask questions depending on answers to previous items to ensure 
respondents were only asked questions applicable to them. As such, 
each item had varying number of responses (Figure 1). In brief, all 
current and former vapers were asked to choose the device they used 
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most; those who used or had used refillable e-cigarette devices were 
asked about the volume of e-liquid refills bought; those who used or 
had used cartridge or tank devices were also asked about the volume 
of cartridge or tank used. All current vapers were asked about the 
concentration of nicotine used. If multiple responses were chosen, 
they were asked to state the concentration used most often and this 
value was used for analysis. Volumes and concentrations used or 
bought were then used to classify products used as being compliant 
with the limits set in the TPD or noncompliant. Finally, all current 
and recent past smokers (those who had quit after the preceding 
wave) were asked about their strength of urges to smoke.
Analysis
To assess awareness of changes in e-cigarette regulations (aim 1), 
proportions were calculated for each area of TPD and non-TPD 
regulatory changes by vaping and smoking status.
To compare product usage between the two waves (aim 2), 
McNemar’s tests and McNemar–Bowker test of symmetry were 
used. Only those who had answered identical questions in both sur-
veys were analyzed. To maximize sample sizes, observations with 
missing values were deleted separately for each question at analysis.
For aim 3, a bivariate logistic regression assessed the relation-
ship between the number of TPD-compliant products used or pur-
chased (volume of refills, volume of cartridge or tank, concentration 
of nicotine) at wave 4 and being a smoker (exclusively or as part of 
dual use) at wave 5. Multivariable logistic regressions adjusted for 
participants’ vaping status, age, gender, income, strength of urges 
to smoke at wave 4, and type of device used. Six respondents who 
stated “don’t know” for device type were combined with those using 
cigalike devices for this analysis. Respondents were only asked about 
TPD categories applicable to them, that is, someone using a ciga-
like type e-cigarette (which are not refillable) was not asked about 
the volume of refills. Participants who used disposable devices were 
not asked about volume of refills or tanks/cartridges. To maximize 
sample size, such respondents and those who responded “don’t 
know” were treated as using TPD-compliant products. However, to 
ensure the validity of results, we also conducted sensitivity analyses 
with the “don’t know” responses being treated as noncompliant 
for both aims 2 (product use) and 3 (association with smoking at 
follow-up). For aim 3, a further sensitivity analysis was conducted 
with “don’t know” and unknown responses excluded.
SAS v.  9.4M4 (SAS Institute, Cary, NC) and SPSS v.  24 (IBM 
Corp, New York, NY) were used for analysis.
Results
A summary of baseline characteristics is presented in Table 1.
Awareness of Changes in Regulation
Although over a quarter of respondents responded that they were 
aware of changes, only 10.1% of participants were aware of changes 
to the size of e-liquid refill containers and 9.5% of changes to 
Figure 1. Flowchart of question routing used.
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Box 1. Measures related to smoking and vaping
Smoking status
 
Could you please tell us which of the following best applies to you now? 
a) I smoke cigarettes (including hand-rolled) every day1 
b) I smoke cigarettes (including hand-rolled), but not every day1 
c) I do not smoke cigarettes at all, but I do smoke tobacco of some kind (e.g. pipe or cigar)1 
d)  I have stopped smoking completely in the last year (i.e. since May 2015)/since the last survey in December 2014) [In Wave 4, different 
time spans for previous participants and new recruits; in Wave 5, May/June 2016 for all participants] 
e)  I stopped smoking completely more than a year ago (i.e. before May 2015)/before the last survey in December 2014 [In Wave 4, 
different time spans for previous participants and new recruits; in Wave 5, May/June 2016 for all participants] 
f) I have never been a smoker 
1 Categorised as current smoker
Vaping status 
Could you please tell us which of the following best applies to you now? 
a) I currently vape/use e-cigarettes daily1 
b) I currently vape/use e-cigarettes but not every day1 
c) I have tried vaping/an e-cigarette once or a few times 
d) I stopped vaping/using e-cigarettes since the in the last year [In wave 5, May/June 2016] 
e) I stopped vaping/using e-cigarettes over a year ago [In wave 5, May/June 2016] 
f) I have never vaped/used e-cigarettes. 
1 Categorised as current vaper
Awareness of changes in e-cigarette regulation 
The UK has recently implemented changes to the law relating to electronic cigarettes, under the new Tobacco Products Directive (TPD). 
Have you been aware of any changes to… 
• Requirement to notify the government of ingredients and harmful effects 
• Requirements relating to quality control 
• The size of the e-liquid refill containers 
• The size of pre-filled cartridges 
• The nicotine strength of e-liquids 
• Additives in e-liquids 
• Packaging safety standards 
• The information provided with e-cigarettes and e-liquids 
• Warning labels on packaging 
• Rules about sales of e-cigarettes to minors1 
• Locations where e-cigarettes may be sold2 
• Packaging colours2 
• Other 
• Not aware of any changes 
1Not part of the TPD-related changes, but also changed in 2016/17 in the UK; 2Incorrect response
Device 
What electronic cigarette or vaping device do you currently use/did you use the most? 
a) A disposable e-cigarette or vaping device1 
b) An e-cigarette or vaping device that uses replaceable pre-filled cartridges1 
c) An e-cigarette or vaping device with a tank that you refill with liquids2 
d) A modular system that you refill with liquids2 
e) Don’t know1 
1Categorised as “cigalikes” (resembling tobacco cigarettes); 2Categorised as refillable tank devices.
Volume of e-liquid refills 
What size was the last bottle of e-liquid you bought? 
a) Please give your answer in ml 
b) Don’t know/couldn’t say [not provided in wave 5]
Volume of cartridge or tank 
What is the volume/capacity of the cartridge(s) or tanks you usually use/used with your e-cigarette/vaping device? 
a) Less than 1.0 ml1 
b) 1.0–1.5 ml1 
c) 1.6–2.0 ml1 
d) 2.1–3.0 ml 
e) 3.1–4.0 ml 
f) More than 4.0 ml 
g) Don’t know 
1Compliant with TPD.
D
ow
nloaded from
 https://academ
ic.oup.com
/ntr/advance-article-abstract/doi/10.1093/ntr/ntz008/5301505 by King's C
ollege London user on 14 August 2019
5Nicotine & Tobacco Research, 2019, Vol. XX, No. XX
regulations for the nicotine strength of e-liquids. All other changes 
were known to fewer than 8% of participants, including the three 
non-TPD regulatory items that were endorsed by about 4% of par-
ticipants (Table 2). Among exclusive vapers and dual users, aware-
ness was above 10% for sizes of e-liquid refills (exclusive vapers: 
37.4%; dual users: 13.2%), nicotine strengths (exclusive vapers: 
27.3%; dual users: 15.1%), size of prefilled cartridges (exclusive 
vapers: 17.7%; dual users: 10.7%), and warning labels on packag-
ing (exclusive vapers: 17.2%; dual users: 14.2%; Table 2).
Change in Product Use
A comparison of e-cigarette use and purchasing behaviors between 
wave 4 and wave 5 is shown in Table 3. Wave 5 had a statistically 
greater proportion of current vapers compared to wave 4.  More 
respondents reported using devices with refillable tanks as their main 
device in wave 5 (χ2 = 14.0, p = .002).
Among vapers who reported using devices with refillable tanks in 
both waves (n = 190), a higher proportion of users purchased TPD-
compliant refill volumes at wave 5. Of those who reported purchas-
ing non-TPD-compliant volumes at wave 5 (n = 50), 30% reported 
purchasing refills after the implementation deadline of May 2017 
(Table 3). A significantly greater proportion of respondents reported 
using TPD-compliant nicotine concentrations at wave 5 than in 
wave 4 (93.9% vs. 89.2%, Table 3). The difference in volumes pur-
chased and nicotine concentrations used remained significant in the 
sensitivity analyses where “don’t know” values were treated as non-
compliant (Supplementary Table 1).
No significant differences were seen in the proportion using 
TPD-compliant volumes for cartridges or tanks in their e-cigarette 
devices before and after TPD implementation. Among those using 
cartridges or tanks that exceeded TPD-compliant volumes, 50.5% 
of respondents had purchased them after May 2017 (Table 3). No 
significant differences between waves were observed in the sensitiv-
ity analysis of volumes used where “don’t know” observations were 
treated as being noncompliant (Supplementary Table 1).
Association Between Use of TPD-Compliant Products 
at Wave 4 and Tobacco Smoking at Wave 5
There were 480 participants who at wave 4 were exclusively vaping 
(n = 182, 37.9%) or vaping and smoking (dual use, n = 298, 62.1%). At 
wave 5, 198 (41.2%) of them were vaping and smoking, 162 (33.8%) 
exclusively vaping, 75 (15.6%) exclusively smoking, and 45 (9.4%) had 
Table 1. Baseline Characteristic of Sample at Wave 4
 All participants (n = 1606)
Age
 Mean (SD) 49.7 (14.9)
Gender, n (%)
 Male 903 (56.2)
Income, n (%)
 Less than £15 000 331 (20.6)
 £15 001–£30 000 491 (30.6)
 More than £30 000 632 (39.4)
 Unknown 152 (9.5)
Tobacco use, n (%)
 Daily 919 (57.2)
 Nondaily 176 (11.0)
 Other tobacco 82 (5.1)
 Ex-smoker 419 (26.1)
 Never smoked 10 (0.6)
E-cigarette use, n (%)
 Daily 281 (17.5)
 Nondaily 199 (12.4)
 Tried 310 (19.3)
 Ex-vaper 134 (8.3)
 Never vaped 682 (42.5)
Concentration of nicotine 
What strengths of nicotine do you use when vaping/using your e-cigarette? 
a) No nicotine1 
b) 1–8 mg/ml1 
c) 9–14 mg/ml1 
d) 15–20 mg/ml1 
e) 21–24 mg/ml 
f) 25 mg/ml 
g) Don’t know 
1Compliant with TPD
Urges to smoke 
How much of the time have you felt the urge to smoke in the past 24 hours? 
a) Not at all1 
b) A little of the time 
c) Some of the time 
d) A lot of the time 
e) Almost all of the time 
f) All the time 
g) Don’t know 
[If b–f]: In general, how strong have the urges to smoke been? 
a) Slight1 
b) Moderate2 
c) Strong3 
d) Very Strong3 
e) Extremely Strong3 
f) Don’t know 
1Low; 2Moderate; 3Strong
Box 1. Continued
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Table 3. Comparison of Wave 4 versus Wave 5 E-cigarette Use
 Wave 4 Wave 5 McNemar
Current e-cigarette use (N = 1606) χ2(1) = 4.7, p = .030
 Yes 480 (29.9) 516 (32.1)
 No 1126 (70.1) 1090 (67.9)
Type of device useda (n = 466)   χ2(3) = 14.0, p = .002
 Don’t know 14 (3.0) 18 (3.9)
 Cigalike 170 (36.5) 138 (29.6)
 Refillable tanks 282 (60.5) 310 (66.5)
Volume of e-liquid refill boughtb (n = 190)  χ2(1) = 10.9, p = .001
 TPD compliant (≤10 mL) 95 (50.0) 140 (73.7)
 Noncompliant with TPD (>10 mL) 76 (40.0) 50 (26.3)
 Don’t know 19 (10.0) 0 (0)  
If noncompliant, purchased e-liquid refills since May 2017 (n, %)  
 Yes  15 (30.0)  
 No  8 (16.0)  
 Unknown  27 (54.0)  
Volume cartridge/tank usedb (n = 388)  χ2(1) = 0.38, p = .540
 TPD compliant (≤2 mL) 139 (35.8) 149 (38.4)
 Noncompliant with TPD (>2 mL) 89 (22.9) 95 (24.5)
 Don’t know 160 (41.2) 144 (37.1)  
If noncompliant, purchased cartridges or tanks since May 2017 (n, %)  
 Yes  48 (50.5)  
 No  46 (48.4)  
 Don’t know  1 (1.1)  
Nicotine concentration usedb (n = 360)   χ2(1) = 7.41, p = .007
 TPD compliant (<2%) 285 (79.2) 305 (84.7)
 Noncompliant with TPD 39 (10.8) 22 (6.1)
 Don’t know 36 (10.0) 33 (9.2)
Changed brand of e-cigarette or vaping device (n = 440)  
 Yes  52 (11.8)  
 No  371 (84.3)  
 Don’t know  17 (3.9)  
TPD = Tobacco Products Directive.
aMcNemar–Bowker’s test of symmetry was used for analysis.
b“Don’t know” responses were treated as being TPD-compliant for analysis.
Table 2. Awareness of Regulation by Wave 5 Vaping and Smoking Status
 
Wave 5
Exclusive 
vaper, n = 198
Dual user, 
n = 318
Exclusive 
smoker, n = 783
Neithera, 
n = 307
Total, 
N = 1606
Aware of any regulatory changes, % 58.6 49.9 13.8 15.0 26.6
Aware of specific changes, %
 The size of e-liquid refill containers 37.4 13.2 4.3 3.9 10.1
 The nicotine strength of e-liquids 27.3 15.1 4.2 5.9 9.5
 Warning labels on packaging 17.2 14.2 4.1 4.6 7.8
 The size of prefilled cartridges 17.7 10.7 2.7 2.0 5.9
 Rules about sales of e-cigarettes to minorsb 9.1 8.2 2.0 2.3 4.2
 Packaging colorsc 3.5 7.2 3.2 2.9 4.0
 Packaging safety standards 9.1 6.9 1.5 2.0 3.6
 Locations where e-cigarettes may be soldc 3.5 7.2 2.2 3.3 3.6
 Additives in e-liquids 5.6 6.9 1.8 1.3 3.2
 The information provided with e-cigarettes and e-liquids 7.6 6.9 1.1 1.3 3.1
 Requirements relating to quality control 8.1 6.3 1.1 1.0 3.0
  Requirement to notify the government of ingredients 
and harmful effects
4.0 4.4 1.7 0.3 2.2
aEx-smokers who do not vape.
bNot part of the Tobacco Products Directive-related changes, but also changed in 2016/2017 in the United Kingdom.
cIncorrect response, this aspect did not change.
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stopped both. In bivariate analyses, using products compliant with all 
three TPD regulations was associated with 2.72 times greater odds of 
being a smoker (95% CI = 1.52–4.85) when “don’t know” responses 
were treated as using compliant products (Table 4). The association was 
no longer significant once adjusted for vaping status, age, gender, income, 
device type, and strength of urges to smoke at wave 4. The sensitivity 
analyses where “don’t know” responses were treated as using noncom-
pliant products similarly showed no significant association between 
use of compliant products and subsequent smoking once adjusted 
(Supplementary Table 2). Further analysis where all unknown responses 
were excluded also showed no significant association between the use 
of compliant products and smoking at wave 5 (Supplementary Table 3).
Discussion
In this subgroup analysis of a longitudinal survey of smokers and 
ex-smokers in Great Britain, several months after the end of the tran-
sition period for implementation, awareness of the new regulations 
was very low overall with less than 10% of participants reporting 
awareness for most of the regulations, although higher for those who 
vaped. Limitations to the size of refill bottles and nicotine strength 
were most frequently correctly identified, whereas even vapers were 
rarely aware of other changes. This may suggest that there had been 
little noticeable change. The higher rates of awareness of changes 
reported by vapers compared to nonusers are similar to those seen 
with smokers and TPD-induced packaging changes.14 There had 
been an increase in the use of TPD-compliant products from before 
to after full implementation of the TPD with fewer vapers reporting 
purchasing noncompliant refill or tank volumes or using nicotine 
concentrations above those permitted under the TPD. Neither the 
main nor sensitivity analyses indicated associations between the use 
of TPD-compliant products at baseline and smoking at follow-up 
when adjusting for baseline characteristics.
The purchasing behavior of users is largely constrained by context; 
the availability of products influences purchasing choices, in that users 
do not necessarily make a conscious choice to purchase compliant 
products if this is all that is available. In this context, awareness of 
regulation is not a prerequisite for a change in behavior. Additional 
changes to the context will have influenced behavior. For example, 
other surveys suggested low proportions of vapers using high-strength 
nicotine before implementation of new legislation.15 Even before the 
implementation of the TPD, many common and popular volumes and 
concentrations were already in line with the incoming regulations.16 
One reason behind this could be that newer devices are more efficient 
at nicotine delivery, requiring less nicotine content to achieve the same 
effect.17 Many products being in line with legislation ahead of time can 
also partly explain low awareness of changes to legislation as there 
would have been little noticeable change for many users.
In the newly restricted context, some vapers achieve flexibility 
by buying large bottles of nicotine-free liquids (not subject to TPD 
regulations) and adding small nicotine “shots”4; this enables them to 
achieve the desired strength and in a larger quantity while purchas-
ing only TPD-compliant products. The present data were not able to 
assess the extent of these behaviors however. More respondents used 
refillable tanks, which is in line with a transition to more advanced, 
and potentially more effective, models over time.18 Finally, although 
new devices needed to comply with the new regulations, devices sold 
prior to implementation of the revised European Union TPD may 
continue to be used if they were still usable.
We assumed that those using high nicotine strengths or large vol-
umes before implementation of TPD regulation were more susceptible 
to smoking post-implementation based on the assumption that higher 
nicotine content or volume vaped was at least to a degree used in ac-
cordance with participants’ dependence. Like more conventional nic-
otine-replacement therapies, e-cigarette nicotine concentrations can 
be self-titrated to the user’s needs. Studies have shown self-directed 
use of higher nicotine concentrations or increased number of puffs by 
vapers to reduce craving for traditional tobacco products.19,20 In this 
study, however, those who used products subsequently restricted by 
the TPD were no more likely to smoke at follow-up than those who 
used products that were not then restricted. It is worth noting that 
the United Kingdom has a very high level of effective tobacco control 
policies21, and associations may be different in the context of other 
countries and regulatory frameworks.
Table 4. Bivariate and Multivariable Associations With Smoking (Dual Use or Exclusively Smoking) at Wave 5
Wave 4 characteristic n Unadjusted OR (95% CI) p Adjusteda OR (95% CI) p
Number of TPD-compliant behaviorsb 0 or 1 57 1 1
2 125 1.24 (0.66–2.34) .51 1.10 (0.47–2.58) .83
3 298 2.72 (1.52–4.85) <.001 1.58 (0.70–3.59) .27
Vaping status Exclusive vaper 182 1  1  
Dual user 298 23.83 (14.54–39.08) <.001 11.60 (6.08–22.14) <.001
Age  480 0.98 (0.97–0.99) .005 0.99 (0.97–1.01) .28
Gender Male 286 1  1  
Female 194 0.95 (0.66–1.38) .80 1.10 (0.66–1.82) .72
Income ≤£15 000 88 1  1  
 £15 001–£30 000 133 1.04 (0.61–1.80) .87 1.00 (0.48–2.10) 1.00
 >£30 000 218 1.10 (0.67–1.82) .71 0.95 (0.49–1.87) .89
 Unknown 41 0.54 (0.25–1.14) .11 0.96 (0.34–2.71) .94
Device type Cigalike 183 1  1  
 Refillable 297 0.48 (0.33–0.70) <.001 0.71 (0.41–1.25) .24
Strength of urges to smoke Low 87 1  1  
Moderate 172 4.15 (2.40–7.16) <.001 1.25 (0.61–2.59) .54
Strong 130 6.88 (3.71–12.77) <.001 1.48 (0.65–3.35) .35
Unknown 91 0.15 (0.06–0.35) <.001 0.30 (0.12–0.77) .01
CI = confidence interval; OR = odds ratio.
aAdjusted for wave 4 vaping status, age, gender, income, device type and strength of urges to smoke.
b“Don’t know” treated as being Tobacco Products Directive-compliant.
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Findings warrant replication for confirmation as there are sev-
eral limitations to our study. Limitations that restrict wider interpret-
ations include the sample population being sampled to represent the 
general population, which may not reflect the different demographics 
of smokers and vapers. Substantial loss to follow-up further reduced 
the representativeness of the findings. Owing to the conditional 
routing used in the online questionnaire, the number of observations 
present in both waves are small for some items asked. Only those 
using modular devices with tanks were asked all three TPD-related 
questions. Cigalike device users were not asked about refill sizes pur-
chased, and disposable device users were not asked about refills or 
volume of the device. We treated such products as being compliant in 
our study as such devices are very unlikely to be larger than permitted 
and no refills (compliant or not) were necessary. As such, respondents 
who used products that were compliant with all three TPD regula-
tions are likely to have been nonmodular device users in our analysis. 
A related limitation was participants not knowing the details of the 
products used. Through sensitivity and multivariable analyses, we 
have attempted to minimize the above limitations as much as pos-
sible. Furthermore, in general, the veracity of self-reported responses 
cannot be ascertained in surveys. We have attempted to rectify this by 
removing inconsistent data, while keeping the largest sample size pos-
sible to increase power and reduce the impact of such observations.
Despite limitations, this study has several strengths. To our 
knowledge, this is the first study to use data collected during the 
early TPD implementation and post-implementation to allow a 
direct comparison. The sample was selected from the general popu-
lation of the United Kingdom via a large survey service to limit se-
lection bias and the variety of items asked in the survey allows for 
better adjustment in analysis. By investigating the early time frame 
following TPD implementation, this study provides a referential base 
for future analyses, after a longer period of implementation.
Conclusion
Several months after full implementation of new regulations 
(European TPD) for e-cigarettes, awareness of changes was very low 
albeit higher among those who vaped. After implementation of regu-
lation, most but not all vapers were using products compliant with 
new restrictions on nicotine concentrations in e-liquid and volumes 
of e-liquid refills purchased. Among baseline vapers, there was no 
association between smoking at follow-up, and whether devices, 
e-liquids, and refills used before implementation were in line with 
the new regulations.
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